The present investigation was conducted during two growing seasons 2015/2016 and 2016/2017 at Sakha Agricultural Research Station farm, in order to evaluate thirteen faba bean genotypes to physical and chemical properties against insects attack to faba bean seed from breeding program, under early and late sowing dates (mid-October and mid-November, respectively) comparing with three varieties were assessed to study their response to infestation with Cowpea weevil Callosobruchus maculatus post-harvest through storage under laboratory conditions. Susceptibility index (SI), Seed yield /plant as well as net weight after discarding the all negative factors which affect the final yield were taken as gauge of susceptibility of studied lines. Actually, the results indicated that the studied lines greatly differed to the attack of C. maculatus. According to (SI)i.e. the line with high values of SI, high number of progeny, weight losses and shorter life cycle were classified as susceptible. In contrast, the lines with intermediate S.I (5.1-7.5) and revealed lower number of adults emerged (lower, weight loss and longerlife cycle were considered tolerant or moderately resistant (MR). The results clearly indicated that the complete resistant lines were relatively absent. Furthermore, appositive relationship was fond between the physic-chemical characters and infestation with C. maculatus. According to S.I, seed yield/plant, net weight the lines 2 and 16 were the most tolerant, while line 14 and 4 were the most susceptible one. In addition, that the mid October was the suitable sowing date where it actualized the higher seed yield along the two planting seasons. Based on the highest net weight %, the line 2 and Sakha3 may be recommended to plant at mid-October and for storage at long periods where they were tolerant against the tested beetle in storage, some diseases in field and climatic sowing. In order to early maturity character, the promising breeding line 2 as an early mature faba line that characterizes with tolerant to insect infestation along with high yield potential, especially under the stresses associated with early sowing date. Therefore, it should be taken into consideration to select the promising line 2 for faba bean breeding program to improve productivity and tolerance to insect infestation to avoid insecticide usage. In conclusion, this investigation showed the importance of physical and chemical properties for protects the seeds of faba bean against the insect attack.
INTRODUCTION
Faba Bean (Vicia faba L.) is one of the major winter legume crops grown in the Mediterranean region, and has considerable importance as a low cost food rich in proteins and carbohydrates in Egypt. Faba bean is the most important legume crop in Egypt, due to its high nutritive value for human food and its role as a break crop in cereal rotation system. The cultivated area of faba bean was about 112.000 feddan in the least five seasons with an average yield of9.0ardab/faddan. The total production in 2015/16 season was about 119.000 tons, while the total consumption was estimated to be about 420.000 tons. This means that the percentage of self-sufficiency is only about 28%. So, to reduce the gap between production and consumption, the most effective is being developing new varieties with high yielding potentiality and using the proper cultural practices.
Many factors affect faba bean productivity like sowing dates affect the productivity due to differences in growth periods. Moreover, the stored seeds are also heavily attacked in storage by several insects of family Bruchidae. Pulse seeds are liable to attack during storage period with C. maculatus (F) which is one of the most important and serious pest of stored pulses. It starts the infestation in the field but a heavy damage is done in storage (Swella and Mushobozy, 2007) . The infestation of pulse seeds with C. maculatus results in high values of weight losses, germination and reduced nutrient valuable due to development of larval stage inside the seeds. The estimated losses due to C. maculatus in various pulses ranged from 30-40% within a period of six month and the post-harvest seed wastage can reach even 100% during severe infestation (Mahendra and Mohan,2002) .Applying control of stored product pests by chemical pesticides, lead to residual toxicity, environmental pollution as well as undesirable effects on human health. An effective and environment friendly management options against stored product pests in different legume could be achieved by improving the genetic resistance of the host plant (Somta et al,2008) . The main objectives of faba bean breeding programs are developing a new cultivars with high productivity, good physical and chemical contents and resistant to insects and diseases.
Molecular tools give us an opportunity to develop genotypes that carry resistance traits (Ranjekar et al,2003) . Moreover, breeding legumes to improve their resistance against storage insect pests, limitations are the best way. A plant possessing biochemical insect resistant properties in nutritionally incomplete for the insect that becomes unable to complete their life cycle (Relf,1996) . Resistant plants appear to be one of the most promising alternatives to the use of chemicals for cowpea pest control (Amro,2004) .Therefore, the goal of the present study is to evaluate the susceptibility of certain faba bean promising under early and late sowing dates at SakhaAgricultural Research Station to artificial infestation with C. maculatus under laboratory conditions comparing with three commercial cultivars to recognize the susceptible, tolerant and resistant genotypes. This research was designed to investigate of crop resistance to insect pests are very important to investigate the physical and chemical properties for protecting the seeds of faba bean against the insect attack.
MATERIALS AND METHODS

This investigation was conducted Sakha Agricultural Research Station farm, Kafr El-Sheikh
Governorate Egypt during the seasons of 2015/2016 and 2016/2017 Thirteen faba bean promising lines selected from the breeding program at Sakha, for their high yield potential and or resistance to foliar diseases were evaluated under two different sowing dates comparing with three commercial cultivars. The names, pedigrees and remarkable characters of the studied genotypes are presented in Table 1 .Sowing dates were mid-October (early) and mid-November (late) in both seasons. Each sowing date was conducted in a separate randomized complete blocks design (RCBD) experiment with three replications,each plot consisted of four ridges, 3 m long and 60 cm apart as outlined by Snedecor and Cochran (1982) and then combined analysis across sowing dates was calculated. Bartlett test has been done for error mean squares ±of the environments to estimate homogeneity or not, while combined analysis was done in the case of homogeneity.
Callosobruchus maculatus:
The storage experiments post-harvest were carried out at Department of Stored Product Pests, Plant Protection Research Institute, and Sakha Agricultural Research Station. The cowpea weevil C. maculatus were collected from the stock culture, were released in sterilized jars at 30± 2 c and 70 ± 5 relative humidity(%) (R.H), each contains 300g of cowpea seeds and 100-200 un-sexed adults of C. maculatus, the mouth of jars were covered with muslin cloth and kept in position with rubber band. The culture medium was sieved and the insects that had emerged were collected for experiments in the next day. Newly harvested seeds of 13 faba bean promising lines as well as three commercial varieties (Giza 40, Sakha1 and Sakha3) were evaluated for resistance to infestation with C. maculatus under non choice conditions. Small glass jars (11.5 cm height and 6 cm diameter ) each contains 20g of faba bean seeds of each treatment, then ten adults of C. maculatus, five males and five females (0-24 day old) immediately transferred to each glass jars. Three replicates of each treatment were made. The jars were covered with muslin cloth and kept under laboratory conditions at 30± 2 C 0 and 70 ± 5 %relative humidity until the beginning of adults emerged (F1 progeny). At the end of experiment the following parameters were estimated: 1-Total number of eggs lying. 2-Life cycle ( total developmental period). 3-Percent of weight loss. 4-Susceptibility index (SI). 5-Net weight.
All cultural practices were done as recommended in both seasons. In each growing season, a seed sample was taken at harvest from each genotype in each sowing date to determine the standard germination, physical properties and protein. All seed properties were carried out Sakha Seed Technology Dept. Agric. Research Station as follow:Standard germination test was conducted according to the international rules at testing (ISTA, 1993) . Seeds were incubated in a growth chamber at 20C 0 ±1 and were considered germinated after the emergence of radical. Germination was scored when a2mm radical hademerged from the seed coat. Seeds were germinated for 10 days. Germination count was made after 4 days and daily till the end of the test. Normal seedling was counted expressed as germination percentage at final count.
1-Germination%=
Number of normal seedling Number of tested seed x100
2-Percentageofseed coat: One hundred seeds from each sample were decorticated, and then seed coats and cotyledons were weighed separately (Youssef, 1978 and Shehtaetal., 1885a 
RESULTS
A. Susceptibility experiments:
Insect infestation under non-choice condition:
In order to evaluate the susceptibility of the tested faba bean genotypes to insect infestation by( C. maculatus);laboratory experiments were conducted to determine some biological parameters which show the relationship between the host genotypes and the insect (C. maculatus). These parameters included, number of eggs laying, number of adult emerged, weight loss%, life cycle and susceptibility index (S.I.) through the two seasons 2015/2016 and 2016/2017 at the two sowing dates. Among these parameters the presented study selected SI criterion to recognize the susceptible, tolerant and resistant genotypes. Based on the susceptibility index (SI) results obtained obviously showed that no any one of the tested genotypes was resistant against the insect infestation by (C. maculatus) beetle through the two seasons with the two sowing dates of each(Table 2-5) . Results cleared that the two sowing dates had the same trend. Consequently, the all 13lines as well as three commercial cultivars may divided into two groups according to(SI), the first was tolerant (moderately susceptible (MS)) which includes the genotypes that have S.I ranged between 5.1-7.5, while the second group susceptible consists the genotypes of S.I that have position between 7.6-10.0.For the first season with the first sowing date Table 1 the susceptible group had /emergence and weight loss% ranged between 75-78 and 14.5-22%, respectively. While the (M.S) tolerant group had emergence (%) and weight loss (%) ranged between 68-74/and 8-11.5%, respectively. The same trend was observed with the second date where the susceptible group produced emergence (%) and weight loss% ranged between 76-78 and 16.5-21% respectively.
Meanwhile the tolerant group presented 70-75% and 8-13%for emergence and weight loss. Similarly, the second season either with the first or the second date had the same line of the first season where emergence and weight loss had the extent of 75-78, 71-74.50%. And 74-78.5, 66.5-72, for emergence of susceptible and tolerant groups, respectively. For the weight loss the latitude was between 15-21 to 7.5-12 and from 12-21 to 7.5-12 for the same dates mentioned above with the same groups, respectively. The variation of seed yield/plant between the two seasons may due to the dominant climatic conditions and the insect infestation as well some diseases.
In addition that, result in Table 6 summarized the percentages of tested parameters for the all sixteen genotypes under study. Data obtained cleared that the tolerant group have (SI between5.1-7.5) recorded the highest rates of fiber and seed coat with values ranged between 7.85-9.95 and 2.3-2.6, respectively. And also it had the lowest rates of protein and endosperm with values of 24.27 to 26.92 and 85.09 to 87.16 %, respectively.
In contrast, the susceptible genotypes group (SI between 7.8-10.0) had the lowest rates of fiber, seed coat, and it recorded the highest values of protein and endosperm. Similarly the data in Table 7 had the same trend of that presented in Table 6 . The results obtained revealed that the tolerant group had higher rates of fiber and seed coat between 10.34-12.33, 9.99-12.16 and respectively. Also the same group had lower rate of protein and endosperm ranged between 24.82-29.08, and 86.50-87.66, respectively. Oppositely the susceptible genotypes group had the lower rate of fiber and seed coat, also recorded higher rates of protein and endosperm. In addition that, results presented that there are significant differences between rate of the investigated parameters (germination, fiber, seed coat ,protein, endosperm and seed yield) at the two seasons. Overall the results in Tables 2-7 for the all tested parameters show that tolerant genotypes recorded the reduced rates of emergence%, weight loss%, protein and endosperm and also presented increasing ratio for fiber, seed coat. While the susceptible genotypes in contrary had the lowest rates of fiber, seed coat, and recorded the highest rates of emergence, weight loss, protein and endosperm. Ultimately, there is positive relationship between the tolerant genotypes and the highest yield while there is negative relationship between susceptible genotypes and seed yield. The current study high lights the relationship between the tested parameters and the susceptibility of the investigated genotypes to insect infestation by C. maculatus. The obtained data accentuate the following points: in general there were significant differences between the studied criteria with the two seasons at the two sowing dates. Based on the data summarized in Table 8 , the all parameters indicate that the genotypes that had lowest weight loss and emergency% also had the highest percentage of fiber and seed coat. Thus probably there is a positive relationship between the fiber and seed coat content and the reduced weight loss this lowest weight might be attributed to un ability of the tested insect to attack the cowpea seeds where the high content of fiber and the thick of seed coat hinder or minimize the ability of insect to feed on the seeds. In the same context the low endosperm and protein cause the seeds unpalatable or of poor nutritive quality. Oppositely, the genotypes contained high protein and high endosperm, low fiber content and thin seed coat were preferred to the C. maculatus .So, the preference of C. maculatus to some genotypes might be due to the chemical composition of seeds and the physical properties. Therefore, the tested genotypes may divide to two categories. The first includes the susceptible genotypes, 1, 3, 4, 10, 11, 12, 13, and 14 .while, the second group comprises the tolerant genotypes of 2, 5, 6, 7, 8, 9, 15, and 16 data in Table (8) included overall means of physical, chemical and biological criteria in relation to the susceptibility of studied faba bean genotypes to insect infestation by C .maculatus. It is known that the present study aimed to get the greatest net weight of any genotype after discount the effect of insect infestation either in field or storage. Based on the net weight in Table 8 it is evident that the line 2 and Sakha3 achieved the highest net weight after discarding, the all negative factors which reduce the final yield such as insect infestation in field or storage and disorders of climatic conditions. Oppositely, Giza 40 and line 4were produced the lowest yield. According to the results in Table 8 It could be concluded that the current study showed the importance of physical and chemical properties for protects the seeds of faba bean against the insect attack. These properties must be taken in consideration for having resistant or tolerant faba bean varieties to insect invading. Based on the highest net weight %, the line 2 and Sakha3 may be recommended to plant at 15 October date and for storage at long periods where they were tolerant against the tested beetle in storage, some diseases in field and climatic swing. 
DISCUSSION
The results study revealed a significant diversity of the tested genotypes as well as commercial cultivars to infestation by C.maculatus under laboratory conditions. SI was selected as criterion to distinguish thesusceptible genotypes, tolerant and resistant ones. SI, is the most important factor, which mainly depends on the biology of the insect i .e the total number of adults emerged, the duration of developmental period of immature stages (life cycle). The results explained that the studied lines with high values of SI (1, 3, 4, 10, 11, 12, and 13) were supported with high values of progeny (emergency %) and shorter growth duration were susceptible. While, the lines with intermediate values of SI (2, 5, 6, 7, 8, 9, Sakha1 and Sakha3) which in contrast has the lowest values of progeny and longer growth duration period( life cycle) were considered tolerant or moderately resistant (MR). Results also clearly showed that, there is no any genotype or commercial cultivars exhibited complete resistant to infestation with C. maculatus. This result indicated that the studied genotypes were varied in their response to infestation with C. maculatusin accordance with Osman et al. (2015) who found that the tested pulse species differed in their susceptibility to infestation with pulse beetle C .maculatus. Also they found that the tested species affected on the biological aspects, ovipoisition period, the mean number of eggs laid and longevity of adult males and females. The extent of weight loss due to the damage of pulse beetle is quite variable and depends on the storage period, storage conditions, storage containers and varieties of legume grains (Nchimbi-Msolla and Misangu, 2002&Mebeasilassie, 2004) . Furthermore, the current findings are in harmony with those recorded earlier by Wijeratne (1998) and Kazemi et al., (2009) who concluded that host species influenced egg and adult production. Also, the present results are in the line of Sarwar (2015) who found that there was variability for tolerance in different wheat lines and none of them found to be completely resistant. Significant differences existed among the varieties lines for number of board grain and grain weight loss caused by Tribolium castaneum. Additionally, he reported that all wheat lines varied significantly in their present infestation.
Regarding to the physical and chemical composition the results clearly indicated that the tolerant group exhibited the reduced rate of emergency%, weight loss, protein % endosperm, and high ratio of seed coat, fiber %, the lowest weight loss, may be due to inability of C. maculatus to attack faba bean genotypes while the high content of fiber and thick of seed coat minimize capacity of insect and larvae to fed on the seed as well as , low endosperm and protein cause the seed unpalatable for insects. On the other hand, genotypes contained high endosperm, high protein, low fiber and thin seed coat supported with high rates of emergency %, weight loss %, and has shorter life cycle i.e considered susceptible or preferred to C. maculatus. Therefore, the preference of C.maculatus to some genotypes might be due to the physical properties and chemical composition. These properties must be taken in consideration for having resistant or tolerant seed of faba bean varieties to insect attack. These results are in agreement with Ahmed and Ahmed (2002) who concluded that the resistance of wheat grains to storage insects is a complex phenomenon which can be attributed to various physic-chemical characteristics of grains and insect species. Moreover, all the stored wheat grain of different varieties exhibited the phenomenon of preference \non preference to Tribolium castaneum. This phenomenon is due to the structure and composition of wheat such as, starches, carbohydrates and enzymes (Evers et al, 1999) . And proteins (Gupta et al ,2000) to determine the level of resistance of cultivars to grain insect infestation. They stated that the resistance of these cultivars might be attributed to the low content of protein and high content of carbohydrate compared to the susceptible cultivars. Kernel hardness, gluten, amylase, content, larval and adult preference and emergence showed difference between resistance and susceptible cultivars (Sayed et al 2006 , Mebarkia et al ,2009 ). Mebarkia et al (2010) who suggested that the susceptibility of wheat varieties to pest infestation may be attributed to the high content of protein and low content of carbohydrate compared to resistance varieties. Sarwar (2012) reported that the tolerant genotypes exhibited hard and wrinkled seed coat, dark brown color and small size grain; these characters demonstrated a significant harmful effect to pest appearance and grain damage. Ahmed et al. (1993) reported that cultivars with hard seed coat showed nonpreference by pulse beetle. Many authors reported differences in susceptibility to brushed attack among genotypes of chickpea, suggesting the use of resistance varieties as a method to avoid infestation during storage. The tests conducted by Kashiwaba et al (2003) revealed that chemical compound contained in the cotyledon of bean had an inhibitory effect on the growth of the brushed species, the variation in different parameters may be due to genetic factors, possible presence of biochemical content of seeds such as antibiotics, tannin content, trypsin inhibitor, phenol content etc. (Deshpande et al, (2011) . Adjadi et al (1985) proved that resistance to C. maculatus is controlled by two recessive genes, and indicated that for physical and chemical factors responsible for resistance, recessive genes should be present in all resistant lines and absents in all susceptible. El-Aidy et al (2008) studied the relationship between some chemical, physical viability seed traits and susceptibility of eight faba bean cultivars to infestation with cowpea weevil. They indicated to significant differences between cultivars in dry Mather, crude fiber, phenols ,tannins and physical traits, thickness of hull and seed coat percentage. Further results demonstrated negative correlation between number of adult progeny and holes and crude fiber, phenols, tannins and thickness of hull and these parameters affected the degree of C.maculatus infestation. The use of resistance cultivars is effective and economical strategy for protecting crops against insect pest attacking whilst minimizes the use of pesticides.
Concerning the differences among the 16 tested faba bean genotypes in maturity, it was noticed that the promising cultivar Sakha 1 was the best in earliness 175.5 days and reached maturity earlier than the late cultivar Sakha 3 (182 days) by 6.5 days, while other genotype lines 2, 3, 5 and lines7 reached maturity earlier than the recommended cultivars, Sakha 1 and Sakha 3 (Table 6&7) . At the same trend, line 2 had the highest value in seed yield 46.70g compared with all genotypes. Therefore, lines 2 consider a good promising line for earliness and seed yield as well. These results are in full agreement with those obtained by Amer et al. (2014) and El-Galalyet al (2008) . Regarding to seed yield/plant, the results of the study markedly indicated that, the early date 15-October had the highest seed yield/plant for both sowing seasons with values of 39.74 and 30.6, respectively. This variation between two seasons may be due to the climatic conditions and insect infestation as well as more disease. These results were in agreement with Amer et al (1992) , Hussein et al (1994) and El-Galaly et al (2006) they found that, sowing on mid-October gave the highest seed yield. While, Mahmoud (1996) found that the highest seed yield was obtained from optimum sowing date. Dent, 1991 reported that sowing date was one of the main agronomic practices that could directly effect on the level of insect infestation. The interactions between genotypes and sowing date were highly significant for maturity date, no of seeds/plant and seed yield/plant (Abou-Zaid et al, 2017) . No of seeds/plant, 100-seed weight and seed yield/plant could behave in different way from season to another and from sowing date to another (Abou-Zaid et al , 2017) . Amer et al (1992) , ElDeeb et al ,(2006) , Khalil et al (2011) and Abebe et al (2015) .In conclusion, the promising breeding line 2 as an early mature faba bean line that characterizes with tolerant to insect infestation along with high yield potential, especially under the stresses associated with early sowing date. Therefore, it should be taken into consideration to select the promising line 2 for faba bean breeding program to improve productivity and tolerance to insect infestation to avoid insecticide usage.
